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^?JS!!L*^* ^ vdn, e.g., a varicose vdn or a side bianch of the saphenous vein, inchides 
an aectiode (20) whidi is dectricaOy connected to a power source (14), and the electrode (20) is 

?S!?^^^*u"*Z?^ 3?*^ ^ «^ < ^ ^ » a^ted to eneigize the etectrode 

the Wood veto unto the blood vein suffidenUy collapses to block the lumen of the vein. 
A feedbadcloop indiiding a micrqpiocesisor (44) is also provided for sensing electrical inu)edance of the 
tissue wlfliin die vein being eneigized and for deeneiglzhig the electiode (20) when the impedance reaches 
a pVBdetennined vahic. The s^iparatus (10) can also be used to block a faHopian tube. 
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APPARATUS AND METHOD FOR VENOUS LIGATION 
The present application claims priority £tom U.S. Patent q)iilication serial number 
08/183,994, filed January, 18, 1994, for an invention entitled "Apparatus and Method For 
V^ous ligation**, assigned to the same assignee as the present invention, and from U.S. 
Patent iqpplication serial number 08/215,932, filed March 22, 1994, for an invention entitled 
"Method For Tubal Electro-Ligation*, assigned to the same assignee as the present 
. . invention. 

FIELD OF t he ; INVRyfnON 
The present invention relates generally to surgical tools. More particularly, the 
present invention relates to q>paratus and methods for closing body vessels. The present 
invention particularly , though not exclusively, rdates to electroUgation of FaUq^ 

BACKGROUND 

Certain surgical treatments require the modification or removal of blood veins fr 
the body. For exan;)le, the treatment of varicose veins sometimes requires the varicose 
veins to be removed firom the body in an invasive, painful, slow-healing, and time- 
consuming procedure. Also, the saphraous vein is surgically modified during a procedure, 
known as m situ S4)henous vein bypass, for alleviating coiiditions caused by reduced blood 
flow through an occluded femoral artery. 

In situ sq>henous v&n bypass is a procedure in which the si^hehous vein in a 
hunian leg, wUch normally retunis venous blood firam the ankl^ 19 
is anastomosed to the femoral artery at an upstream (proximal) location on the artery and 
a downstream (distal) location on die artery to assume the function of the femoral artery, 
i.e.» to deliver arterial blood to the leg. Sudi a bypass procedure may be required when 
the femoral artery has become too occluded or otherwise uiq)aired between the upstream and 
~ diSw^ to tinanspoh ihie;'fid^ of it; ' : - - - 

When the s£Q)henous vein is to assume the function of the femoral artery, it becomes 
necessary to close off, i.e., to ligate, so-called "side branchr blood veins. These side 
brandi veins are generally smaller than the saphenous vein and are colloquially known as 
''tributaries*' when they lead to Hit sq)henous vein and "perforators" when fhey lead to 
. deeper venous circulation. Side branches ordinarily establish pathways for venous blood 
into the saphenous vein for returning the blood to the heart and lungs. Accordingly, to 
prevent the unwanted flow of arterial blood dbectly into the yenous system via the 
saphenous vein, die side branches and perforators must be iigated. Staled differently, by 
ligating the side branch^, arterial blood which is permitted to flow through the s^hmous 
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vein aixl tlier^ bypass the occluded ^ 
. vmom system thrcnigh die side branches. 

Typically, side biancfaes are Ugated by constricting die side branches with sutures. 
Unfortunately » ligating side brandies with sutures can be time-consuming and labor- 
intensive» because all die side branches must be located either by making a large number 
of small incisions in the leg or by maldng one very large incision. Also, it is difficult to 
ligate side brandies with sunires in less-invasive procedures, i.e., endoscopically. 

As recognized by the present invention, side branches of the sq>henous vein may 
be ligated in less invasive procedures. More particularly, the present invention recognizes 
that blood flow duou^ side branches of die s^ienous vein can be quiddy and easily 
stopped by ladvancing an dectiode into the side bnmch and ener 
the tissue to coagulate and dierd)y block fluid iQow Asfiirtfaer 
recognized by die present invention, varicose veins can be quiddy and easily treated by 
ligating them m less hivasive procechues. Thereto, unsighdy discolorations in the leg 
'■ ■ attributable to varicose vdns can be diminated in an out-i>atient procedure. 
. Aldiougji coagulating devices have been introduced for btte 
diese devici» typicaUy have bidl^ qpnqp^^ 

large body cavity diat has been e3q)osed by surgeiy. Consequendy , existing ooagulatipg 
devices cannot easily be used to stop blood flow from "hard-to-reach" sources,, such as 
saphenous vein side branches. Furthermore, existing coagulating devices cannot easily be 
used in less-invasive surgery for the treatmem of varicose veins. 

Moreover, many coaguladng devices function simpfy by applying electricity to 
tissue. The lengdi of time die tissue is ej^ed to the electridty is controlled by die 
surgeon, usually by depressing a foot pedal linked to a source of dectricity, e.g., a Bovie 
- - . -.model generator made by VallQr Ddbs of Q^^ Consequently,, tissue «m easily be 
unintentionally overheated, thereby causing unwanted scabbing, charring, and other 
uimecessary tissue damage. Sudi damage can be particularly onerous in certain 
circumstances, e.g., saphenous vein side branch ligation and varicose vein treatment. 
Indeed, excessive dectro-ligation of varicose veins in ah attenopt to reduce discoloration 
caused by the veins may be a cure diat is worse than die disease. Stated differendy, 
applying if ei^rgy to a blood vein over excessive time periods or at excessively high pbwa 
can result in arcing and perforation of vein. 

It is therefore an object of the present invention to provide a device that can less- 
invasively ligate side branches of a saphenous vein. Ahodier Object of the preisent invention 
is to proyi<te an apparatus smd mediod for less invasive treatment of varicose veins. Still 
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another object of the present invention is to provide an £^aratu8 and method for less 
invasive surgical ligation which is easy to use aixi cost-effecHve rn m^n^Tfa^t^irp 
SUMMARY OF THE INVENnON 

A device for use in endoscopic surgery to intaT)it blood flow through a blood v^ 
includes an elongated electrical conductor which has a distal end. Preferably, the conductor 
includes a segment that is bendable into a predetermined shape* and a direction indicator 
may be provided for indicating the direction in which the conductor is bent. 

A source of electricity is electrically connected to electrical conductor. As intended 
by the presently preferred ^bodiment, the s<Hirce of electricity generates an rf ou^ 
sufiBcient to cause die blood vessel to coUapse and insufficient to perforate die 
Also, an electrically insulative smooth flexible sheath surrounds at least a segment of the 
. conductor. In accordance with the present invention, die sheath h^ 
less than one millinieta' (1mm) to permit easily slidably engaging die. sheath, with die lumen 
of die blood vessel. 

An electrode b connected to the distal Old of the electrical conductor 
source of electricity can be energized to eneigize die electrode to dimby cause the lunra 
of die blood vessel to coUs^se when die electrode is positioned in ttie vessel. In one 
piesoitly prrierred embodnnem, die electrode ext^ids beyond ^ 
the leqgdi of the electrode is approximately equal to the diameter of the blood vessel. 
Advantageously, die electrode is formed integrally wiA the conductor, and the electrode 
includes a rounded distal dp. Fkurdier, die electrode preferably mdudes an and-sticking 
coadng \ddch is d^osited on the electrode. 

Preferably, a feedback device is provided for sensing a preselected parameter of the 
blood vessel. The feedback device generates a signal when the preselecteid jparameter 
. :.. Teaches a predetennined^ y^ the preseleaed parameter is affiscted by. the treatment 
of die preselected portion of tissue. The preselected parameter can be tempenmire, m whidi 
case the feedback device mcludes a temperature sensor secured to die apparatus for sensing 
. the tenqierature of the electrode. 

Alteniatively, the presdeaed parameter is at least one electrical parameter ^s^^^ 
from die group of parameters consisting of: source of electricity output voltage, time rate 

, of change of source of elecfricity output voltage, source of electricity ou^ut power, time 
rate of change of source of electricity output power, source of electricity . output current, 

. time rate of change of source of electricity output current, tissue electrical in^edance, tune 
rate of change of tissue electrical inq)edance. 
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to anotto asp«:t of the presoit iiw 
pow^ source for electrically ligati^g a preselected portion of tissue includes an electrically 
insulat^ve sheath configured for slidably engaging a hman of a body vessel. Additionally, 
the spprntais includes an electrode which is positioned in the sheath. As mtended by the 
present invention, the electrode is electrically connectable to the power source for energizing 
the preselected portion of tissue ^iien the electrode is positioned adjacent the preselected 
portion of tissue and the power source is activated to provide power to the electrode. A 
fifiedback device is provided for sensu« a preselected parameter and for gaieratix« a signal 
representative of die magnitude of the preselected parameter. In accordance witii the 
present invention, tiie preselected parameter is affected when die preselected portion of 
tissue is energized by the electrode. 

to still another aspect of die present mvoition, a metiiod is disclosed for treating a 
varicose veiri. The metiKxl inchides die steps of providing an electrically energizable 
electrode, and dim percutaneously advancing die electrode into die varicose ydn such diat 
diedectrodeisjuxtaiK)S€dwididie waUoftte^ Next, contact is established 

between die waU of die varicose vein and die electrode, and die dectrode is energized until 
die vein collapses around die electrode to diereby b^ 

to yet anodier aspect of die present invention, a mediod is disclosed for electm- 
ligation of a blood vessel. The mediod inchides die steps of providing ah electrically 
energizable electrode and ah endoscopic instrument, and disposing the eletaode m die 
instrument. Then, the instrument is percutaneously advanced widi electrode into the blood 
vessel, and die electrode is energized until die vessel collapses around die electrode to 
diereby block blood flow dirough die vein. 

to anbthjer aspect of die present invention, a mediod is disclosed for electro-ligation 
•Pf a^llopian tube. .THiie me^^^ providing an electrically energizable 

electrode and an instrument, and disposing die electrode in die instrument. Then, die 
instrument is advanced widi electrode into die fallopian tube, and tfee electrode is energized 
until die tube coUapses around die electtpde to diereby block die 
. Tlie details of die present invention, bodi as to its construction and operation, can 
best.be underistood m reference to the aoccrapanying drawings, in which like numerals refer 
to lil^ parts, and which: 

BRIEF DESCRIPnON OF THE DRAWINGS 

Figure ! is a perspective view of die ^aniius for venom ^^U^ 
invention; 
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Figure 2 is a cross-secdonal view of ttie apparatus for venous ligation of Ibe present 
invention* as seen along the line 2-2 in Figure 1; . 

Figure 3 is a block diagram of the electrical conqKxnents of the qypaiatus shown in 
Figure 1; 

Figure 4 is a block diagram of the micrq)rocessor logic for generating the comrol 
signal; and 

Figure 5 is a schematic view of the apparatus of the present invention with portions 
broken away, shown m conjunction with a woman's fellopian tube for blocking the iube. 
DETAILED DESC!RIFnON OF THR TOiipRTO Pim PTMRnnTyii^ 
Referring initially to Figure 1, an endoscopic electro-cauterizer for closing off side 
branches of blood veins and for blockmg blood flow through varicose veins is shown, 
generally designated 10. While dip discussion below focusses on side branch closure atul 
varicose vein treatment, it is to be understood that die princq)les of the present invention 
disclosed below can be ^lied to a wide variety of medical treatments requiring tissue 
cauterization, including perforator vein treatment, hemonfapid treatment, and noirosurgeiy 
applications. 

As shown in Figure 1, the cauterize 10 includes ai piobe 1 1 and a connector body 
12. The connector 12 is preferably a standard banana plug conniector, and can be connected 
to a source 14 of electrical power via an electrical line 16. The source .14 can 
advantageously be a Bovie generator madb by Valley I^ratories 

It is to be undentood that the probe 1 1 can be pen»tan^^ 
vessel, e.g., a varicose vdbi, or that it could be engaged wiA the lumen of an endoscopic 
surgery instrument 13, and then the instrument 13 with probe 11 advanced into, e.g., die 
side branch of a saphenous veui. As intended by die present hivention, the instrmnedt 13 
can be any one of die instruments disclosed in thd following U.S. pa^ applications, all 
of which are assigned to the sole owner of the assignee of the present invendon: serial 
number 07/867, 841, filed i^ril 13, 1992 for an invention entided "FLEXIBI£ TIP 
CATHETER"; serial number 07/954, 120, filed September 29, 1992 for an invention entided 
rPLEXmi^ ENDOSCOPE WITH HYPOTUBEAC^ and serial number 

07/970,402, filed Noveriiber 2, 1992 for an invention entitled "ENDOSCOPE FOR SIHUNT 
PLACEMENT", all of which are incorporated herein by refo-ence: 

In cross-reference to Figures 1 and 2, the probe 11 includes ah elongated electrical 
conductor 18 having a cylindrically-shaped electrode 20 formed mtegrally on die distal end 
of the conductor 18. Preferably, die conductor 18 has an electrical resistance below ten 
ohms per foot (100/ft). In die preferred embodhnent, die conductor 18 with electrode 20 
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is made of type 304 Stainless Steel. By maimfoctuhng the electiode 20 ixitegiaUy ^ 
conductor 18, manuflEicturing costs of the probe 11 are niinimized» and a firm connection 
is established between the electrode 20 and the conductor 18. 

Figure 2 shows diat the conductor 18 has an outside diameter ODct of about 
eighteen thousandths of an inch (.018"). Also, the conductor 18 tapers radially inwaidly 
to a bendable segment 22 having an outside diameter 0Dc2 of about ten thousandths of an 
inch (.010"). As the skilled artisan will appreciate, the boidable segment 22 is malleable 
and flexible. Consequently, die segm^ 22 can be bent into a pred^ermined curviliriear 
shq^e, as shown in Figure 1, to £aicilitate advancing the probe 11 into a side branch and to 
fadUmte contact between the dectrode 20 and the waU of a 
probe 11 has been advanced; 

As shown best in Figure 2,.ttie .dectrode 20 is formed with a n 
An abutment sur&oe 26 is established by the electrode 20, and the abutment surfooe 26 
radially projects b^ond die conductor 18. Preferably, the electrode 20 has an outer 
diam^r 0D| of between about twen^ dgjit thousandths of an inch and ei^ity four 
thousandths of an inch (.028"-.084"), and more preferabfy die outer diameter dD| is about 
seven-tenths of a znillimeter (0.7mm). 

. Ilie length L of the electrode 20 is between fd)Out one to tm itiil 
Specifically, the length L is established to be approximatdy equal to the mflyjtuntn diameter 
of die blood vein into which the ph>be 11 is advanced. More specifically, for blood veins 
haviojg a diamder of about foiir to six miUimeters (4mm-6mm), the length L of die 
electrode 20 is about four millimeters (4mm). Also, for blood vems havii^ a diameter of 
, about six to eight millimeters (6mn>-8mm), the length L is about six millimeters (iSmm). 
Further, for blood veins having a diameter larger than eight milluneters (8lnm), the length 

. L.is.about eight niiUimsters (8mm^ \'_ . 

In the presently preferred embodiment, a non-sticking, non-insulative substance 28 
is deposited oh the surface of the electrode 20 to inhibit sticking of the electrode 20 to body 
tissue during energization of the electrode 20. Preferably, the substance 28 is dirome which 
is deposited on the electrode 20 by vs^or dqposition. Altemadvely , die electrode 20 can 
be coated with titanium nitrate or Teflon* ; 

Figure 2 also shows that an msulative sheath 30 surrounds the conductor 18 and 
: abuts the abutment surface 26 of the electrode 20. As can be seen in Figure 2, the outer 
surface of the sheath 3Q is flush with the outer surface of the electrode 20. In accordance 
with the present invendon, the sheath 30 is bonded to the conductor 18 with a high- 
. tenq)erature q)oxy. 
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Ab intended by the present invention, the sheadi 30 is made of an electrically 
resistive, snKwdi, biocon?)atible material, such as PBBAX* made by Atoa 
Jersey, or TFE Teflon* which typically has a dielectric strengtti of about seven hundred 
to one thousand volts per mil of material (700-1000 v/mil). Also, the sheath 30 is made of 
a material which will not easily melt or breakdown under the high ten?)eratures that are 
typically gojerated during electrocauteiy. Further, the sheath 30 should be made of a 
material that has a low coefficijcnt of friction. 

PeBax* is die presently preferred material of choice for die sheath 30 in Ught of ite 
above-mentioned attributes and because it is relatively flexible, elastic, ai^ has a low 
coefficioit of friction. These attritxites permit the sheath 30 to be easily advanced dirough 
a potentially curvilinear, smaU-diameter hmoen of blood vein or an endoscopic instrument. 
Further to diis end, the outside diameter OD of die sheadi 30 (and, hence, die outside 
diameter of the probe 11) is preferably equal to less dian about one niiUh^ 
one presendy preferred embodunem, die outside diameter OD of die s^ 
about twenty eight thousanddis of an hich and ntai^ two diousanddis of an inch (.028**- 
.092"). Altemadve materials which can be used for die sheadi 30 mclude polyimide, 
polyediylene, and polypropylene. . 

If desired, a sensor 32 (Figure 1) can be attadied to die eIe(^ode 2^^ Thesenspr 
32 can be a thermocoiqile, thermistor, or other suitable tmqieiature-sensing device. 
Alternatively, die sensor 32 can be a pressure sensor for sensiiig fluid pressure at the distal 
.'r endof the probe 11. 

Figure 2 shows diat a flat, generally paralellq)9ed-sh2^ bend mdicator 34 is 
bonded to the sheadi 30. As shown, die uidicator 34 is formed widi a projecting edge 36 
diat is distaiK^ from die sheadi 30. As intended by dite pr&ent invoition, the bend 
.... , indicator 34 is oriented during manufacturing such that the projecting edge 36 extends 
outwardly in die same direction as die bend of the bendable segmrat 22 Of the conductor 
18. The indicator 34 remains outside the patient's body during surgety^ and the operator 
of die cauterizer 10 can consequently ascertain during surgery the direction in which the 
bendable segment 22 of the conductor 18 has been b^t. 

Figure 2 shows that die bend mdicator 34 is formed integrally with a meW^^^^^ 
37, and the jacket 37 surrounds die sheath 30 to transmit torque to the probe li. An insert 
38madeof silicone rubber is disposed between diejacket 37 and sheadi 30. Further, die 
probe 11 has a proximal end 39, and a high voltage line, including a high voltage lead 40 
and high voltage insulator 41, abuts die proxnnal end 39 of die probe IL A wire 42 is 
soldered to die high voltage lead 40 and conductor 18 to fbther ensure electrical contact 
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betwera the two oonqxmeots. It is to be a^reciated that the high voltage lead 40 in turn 
is electrically connected to the source 14 of electricity via the line 16 and plug 12 (Figuie 
• . ' " ■• " ^ 

In die operation of the cauterizer 10, reference is made to Figures 1 and 2. The 
plug 12 is electrically connected to die source 14 of electricity. Thus, bodi the sensor 32 
and electrode 20 of the probe 1 1 are electrically connected to die source 14 of electricity. 
The source 14 can be electrically connected to a microprocessor 44 which is 
: advantageously a type "486** microprocessor. As disclosed more fully below, the 
microprocessor 44 is electrically connected to the source 14, and the microprocessor 44 
. generates a control signal for controlling the source 14 m re^nse to, inter alia, signals 
from the sensor 32. If desired, indicatt>rs 45 can be provided for displaying c^^mfrizer 10 
voltage, current, hnpedance, temperature, and other parametm, in accordance with the 
operation of die cauterizer 10 disclosed below. 

Next, for side branch eliectro-ljgation, die prbbe 11 is advanced into the wnriring 
diannel hunen of die mstrument 13. Then, die instrument 13 mto which die probe 11 has 
. been advanced is itself advanced into die btood vein of a patient Ite 

probe 11 can be selectively advanced out of die huhoi m which it la slidably dlqiosgd, nnrt 
die source 14 of electricity actuated to electro-lie^te a localized portion of tissue: The 
probe 11 is diea retracted from the vein of die patioit. As intmled by die. present 
invention, the power level of the source 14 is sufficient to cause die vem to coUqise, but 
insuffid^ to perforate the vein. To dds end, when die source 14 is a Bovie model 
. generator, die so-called ''cut'* waveform (i.e., a SOOKHz sunisoidal rf signal) setting is used. 
Alternatively, for varicose vehi treatment, die probe 11 itsdf is peicutaneously 
advanced into the vein, aiid die wall of the vein is manually urged against the electrode 20. 

Then, the electrode 20 is energized :tp cause the wall of die vein to substantially coll^se_ 

\ inwardly, dierd)y blocking blood flow dirough die vein. The electrode 20 is then retrieved 
from the vein. 

: It is to be understood that while die cauterizer 10 disclosed above is a monopolar 
device, it may also be a bi-polar device, e.g., die cauterizer 10 can have electrodes 
configured like diose disclosed in coi>eiiding U.S. patent a^^^ 

filed April 26, 1993, for an invention entitied "Bi-Polar Electrocauterizer", assigned to die 
sole owner of the present invention and incorporated herein by reference. 

Now referring to Figure 3, the electrical components of 
" seen. As showh^ die sensor 32 is connected to an analog-tb-digital ("A/D") converter 48, 
, ' for converting the smalogten^erahire signal from th^^ The 
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A/D converter 48 can advantageously be a type AD57804P converter made by Burr Brown, 
or some other suitable converter known in the art. 

Figure 3 fiirther shows diat the A/D converter 48 is connected to a noise filter 50. 
The noise filter 50 can be a hardware or, more preferably, software filter which filters noise 
ftoin the digitized signal from the sensor 32. For example, die filter 50 can be programmed 
to discriminate against sixty Hertz (60 Hz) or fifty Hertz (50 Hz) noise ftom nearby 
electrical con^wnents. The filter 50 can also be programmed to average a predetermmed 
number (e.g.. ten) of consecutive signals ftom die sensor 32 and ouqjut a signal 
representative of the average, or die filter 50 can be a low-pass filter. When flic noise filter 
50 is a software filter, it can function by averaging a pluraHty (e.g., ten) of sensor signaU 
in accindance widi nmns well-known in die art. 

Also, die filtH 50 can be programmed to block a signal fixMn flic s«isor 32 which 
grwitly varies fixnn die immediately previous signal. A grieat variance ftom one signal to 
die next may indicate an erroneous or spurious signal level. In oflier words, if a first signal 
ftpm die sensor indicates an electrode 20 temperature of, e.g., eighty degrees centigrade 
(?0»C). and a second signal fliat is tamnediately temporally after die first indicates an 
electrode 20 temperature wbi(3i varies by more dian a. predetermmed ambimt (e^g., ICQ 
ftom die first signal, die filter 50 blocks die second signd flxim fiir^ The 
hardware conponents. if any, of bodi die A/D c<mverter 48 and die iioise filter SO. cm be 
housed m die cauterizer 10 or Source 14. When die filter 50 is a software filter, die 
software filto: 50 can be part of die miaDprx>cessor 44. . 

Figure 3 also shows diat a dmer 52 is provided which monitors die lepgdi of time 
die source 14 energizes die electrode 20. the timer 52 generates a signal representative of 
die lengfli of tune of electrode 20 energization and sends diis signal to die mfcrpprocessor 
44. When die lengdi of time exceedb.a predetermtaed time per^ e.g.,. a dme. period .. 
between about ten seconds and forty seconds (10 sec- 40 sec), the biicioprocessor 44 causes 
the source 14 to stop energizing the electrode 20. 

AdditionaUy. conqwnents are provided for measuring die icm^nit voltage a^ 
of flie source 14 of electricity, and for providing signals representative of die ou^t vpltage, : 
current, power, and impedance (and, hence, die voltage, current, power, and tissue 
impedance at die tip of die electrode 20) to die microprocessor 44. More specifically, a ' 
Cfjnqwnent 54, e.g. , a current sensing transformer or resistor, is connected in series b^ween 
die source 14 of electricity and die electrode 20, and a current rectifier filter ("R/F") 56 
sanqiles die voltage iq)stream and downstream of die component 541 Accoidingly, die 
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current R/F 56 ou^ts a signal representative of the mtpm current of the source 14 of 
electricity. 

Also, a voltage sampling R/F 58 is provided for generating a signal representative 
of die output voltage of die source 14 of electricity. Advantageously; both die current and 
Voltage R/Fs 56, 58 can be full wave diode rectifiers widi associated filtering capacitors 
connected in a configuration well-known in the art. 

Figure 3 shows diat die curroit and voltage R/Fs 56, 58 are respectively connected 
to A/D convaters iSO, 62, each of which is substantially similar to die ten?)erature A/D 
converts 48. In tuni, bofli A/D converters 60, 62 are connected to tiie Wcroproce^ 

Still referring to Figure 3, die microprocessor 44 generates an ou^ control signal 
and sends die control sigisd ban electrical buffer 64. The buffer 64 is any suitable device 
which essentially isolates die microprocessor 44 fix>m die source 14 of electricity, and which 
provides correct diivipg signals to the source 14. 

The ou^mt signal fixm the buffo 64 is sent to die source 14 of e^^ 
die ouiputpowerofdie source 14 of electricity. To do diis, die comrol signal can be used 
tp vary die output voltage of die source 14 of electrid^, or die modulatioii of die signal 
firom die source 14 of electricity, by means wdl-known in die art. For exanf)le, die signal 
firom die buffo 64 can be lued as the bias signal to a power transistor 
part of the ou^ circuitry of die source 14 of electrici^. Consequendy, as die signal from 
die buffer 64 changes, the bias of die transistor diaiiges to 
14 of electricity. 

Now referring to Figure 4, die details of die operation of die nucroproce^ 
be seen. The microprocessor 44 commences a san?)ling cycle at begin circle 100. From 
die circle 100, die microprocessor proceeds to block 102, wherein a software counter "T* 
- Js s^ equal to zero. Then at block 104, !T^ is set.equal. tq T. + 1 , . If, at.block 104, T 
equals a predetermined software counter ^T/, die micKq)rocessor 44 stops, i.e., exits die 
routine shown in Figure 4. 

Odierwise, die microprocessor 44 proceeds in parallel to decision blocks 106, 108, 
: and 110, and to blocks 112 and li4. At decision blocks 106,^ W^^^ 

; 44 retrieves fran memory and then respectively compares source 14 of electricity output 
voltage (V^), eliectrode 20 temperattire (Tt), and source 14 of electricity output current (y 
to respective predetermined voltage, teii?»eratuie, and current setpoints Yl, Tl, II. If 
; eidier or Tb exceeds its predetermined setpoiirt, or if 1^ falls below its predetenhined 
setpoint, the microprocessor 44 generates a conittol signal to cause die source 14 of 
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dectricilytostopenergiziagthedei^^ Otherwise, the microprocessOT 44 pw^^ 
to blocks 116, lis! 

At block 112, on flie other haiKl, the inicroim)c«sor 44 
W of the tissue adjacent the electrode 20 by dividing V, by I^. Then, the iiucioprocessor 
44 moves to decision block 120, where the microprocessor 44 compares to a 
predetermined setpointrarpedance Zl. If exceeds Zl, poor electrical connection or poor 
placement of the electrode 20 may be indicated. In such a case, the microprocessor 44 
generates a control signal to cause the source 14 of electricity to stop energizing the 
electrode 20. As intended by the present invention, the source 14 of electiici^ is 
deeningized before Z^ reaches zero (0). Else, the microprocessor 44 proceeds to blocto 122 
and l24. In the presently preferred embodiment, Zl is set equal to about fifty ohms. 

It i» to be imderstood that wUle oveiaU in?)edance is used hi the presently preferred 
embodiment, the phase difference bistween and I^ can be measured for determining the 
capadtive impedance component and resistive fanpedance component, and then either 
inqwdanoe coaqranent can be used m lieu of or m addition to Z,,. Indeed, the phase 
difference between Vfc and Ifc can be used as an faipw to the micioproc^ 
in addition to the paiiametets discussed above. 

Likewise, at block 114, the microprocessor 44 calculates the output power (P^) of 
the siEJun* 14 of electricity by multiplyfa« Vfc and Ifc: ^T^^ 

to decision blodc 126, where the microprocessor 44 compares to a predetermnied setpomt 
power PI . If P^ exceeds PI, the microprocessor 44 generates a control sigbai to cause the 
source 14 of dectridty to stop energizhig the electrode 20. Otherwise, the microprocessor 
44 proceeds to return blodc 127, and dience back to blodc 104. 

At blocks 116 and 118, the microprocessor 44 respectively calculatw the difference 
between y^, I,, and V^„ tojidd AV, Al/where V^,, I^.,, mihe,^ 
current values calculated in the immediately preceding cyde. Altemativety, V„, 4., can 
be averages of the n preceding correspraidiijg values where n= any iht^», e.g. ; toi (10), 
fliree (3), etc. 

From blocks 1 16, 1 18, the microprocessor 44 moves to respective decision blocks 
130. 132. At block 130, the microprocessor 44 compares AV to a predetermined voltage 
difference, i.e., AVj. If AV exceeds AV^, the microprocessor 44 moves to block 134, 
wherem the microprocessor 44 generates a control signal to cause the source 14 of 
electricity to deactivate or to reduce its power output by a predetermined mcrement AP, 
e.g., by two watts to four watts (2w-4w). Othepvise, the microprocessor 44 movM to blodc 
127 and Uimce bade to block 104 for another cycle. 
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Likewise, at block 132, the microprocessor 44 con^iares AI to a predetenntaed 
current difference, i.e», AIj. If AI exceeds AIj, the microprocessor 44 moves to block 134, 
wherein the microprocessor 44 generates a comrbl signal to cause the source 14 of 
electricity to reduce its power output by AP. Othenvise. the nucroprocessor 44 
block 127 and thence to block 104 for another cycle. 

Recall that at blodc 120 the microprocessor 44 con^ared 7^ to a predetermmed 
constant impedance se^int Zl. As shown in Figure 4 starting at block 122, the 
microprocessor 44 also conyares Z,, to a variable iii?)edance seq)oint Z2 which is patient- 
dependent. . 

Nfore spedficaUy, at block 122 the microproceissor 44 sets an entering argument 
variable Z3 equal to if T equals a predetennined stabilization time period T2. 
OAerwise, die enterii« argument variable Z3 is set equd to h^^ More specifically, when 
T<T2, Z3 is s^ equal to a relatively low defimlt vahie. When T=T2, Z3 is set equal to 
Z>,andwhenT>T2,Z3remafaBequdtothevaIucof2;setatT«^^ Thus, the entering 
aiguniem Z3 is padem-dqiendent m 

two (2) seconds to tea (10) seconds, and the defoult value of Z3 is eqiial to about two 
hundred ohms (2000). 

Then, the microprocessor 44 moves to block 13S, whereih die microprocessor 44 
retrieves a predetermined hnpedaoce lunit Z2 by accessing a data table and ushig Z3 as tlie 
entwring argument. A rq)resentative table is provided herein as Table 1. From block 135, 
the microprocessor 44 moves to decision block 136, whisreb Zb is compared to Z2. If Z^ 
exceeds Z2, the miaopfocessor 44 moves to block 134 to reduce source 14 of electricity 
output power or deenergize the electrode 20 altog^er, and thence to block 128 to generate 
a tone representative of Zj,. CHherwise, the microprocessor 44 movds dkecdy to blodc 128 
to generate a tone representative, of 4, Jt > to be understood that while block. 128 in.. 
Figure 4 mdicates that a tone representative of impedance is generated, the tone or other 
tones could be generated which are represeitatiye of the otiier parameters discussed herein. 
FrOTn block 128, the microprocessor 44 moves to block 127 and then returns to block 104. 

The skilled artisan will qjpredale that the operation of the micfpim>cess6r 44 at 
block 122 ensures that the entering aigument variable Z3 is set equal to a relatively 
stabilized Z^. More particularly, for a brief initial stabilization period (T2), power 
mtemiption is avoided when minor transiaits in impedance (Z^) might occur and otherwise 
cause die microprocessor 44 to deenergize die source 14 of electricity. Stated differentiy, 
the microprocessor 44 reduces source 14 output power during the stabilization time T2 only 
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in the imtaiu:e when Zb is less tiian the initial defad^ 

equal to a relatively low (e.g., ei^ hundred ohms (800Q)) value. 

On the other hand, after the stabilization period T2 elapses, 25,, can be expect 
reach a steacfy state value while the tissue surrounding the probe 11 is treated by the 
electrode 36. During this treatment period, the entering argumemZS is defm 
to the value of Zfc at time T=TC, and the table look-up o 
a patient-dependent entering argument Z3. 

From blodc 124, the microprocessor 44 proceeds to decision block 138, wherein 
the microprocessor 44 coxxtpms AZ to a pred^rmined inq>edance difference, i.e., AZ4. 
If AZ exceeds AZ4, the microprocessor 44 moves to block 134, wherein the microprocessor 
44 generates a control signd to cause die source 14 of electricity to 
by AP, and thence to block 127. Otherwise, the micrc^rocessor 44 moves directly to block 
127» and dience to blodc 104 for another cyde. 

Thus, at blocks 130, 132, 134 die micropiocessor 44 drtermines whether the tune 
rate of chaqge of V,,; I,,, or Z^ are excessive, and if so, the microprocessor 44 reduces the 
output power of the source 14 of electricity, or dee&ergizes the electrode 20 altogeflier. The 
present invention also envisions calculating the tune rate of diange of ten^ieratuie T„ in a 
like manner and reducfa^g the ou^ut power of the sou^ 
excessiviely rqiid increase in T„ or in the tune rate of change of T|,^ 

The present invention oontenpl^tes the above^iisdosed operatioii of the 
microprocessor 44 because, as recognized by the present invention, the tissue, impedance 
at die tip of the dectrode 20, and the ten^erature of die t^ of the electrode 20, is affected 
by the diaracteristics of die tissue immediately adjacent 

More particularly, whoi the tissue has not vet been cauterized, the itnpi>Haiv^ at the 
electrode 20 tip is relatively low. In cpntrast, when flie_tissue ^has just undergone. 
, cauterization, tiie impedance at ttie dectrode 20 tip is .relatively high. Thus, the output 
voltage, current, and inq)edance of (ht source 14 of electricity are all affected by die 
cauterization of tissue adjacent flie electrode 20. Stated differently, tiie niagnitudw of the 
output voltage and current of tiie source 14 of electricity, and die magnitude df die 
: impedance of die tissue adjacent die electrode 20, are dependent iipon die bo<fy 
characteristics of die patient. Likewise, die tenq)erature (J^ of die elecixode 20 tip also 
dq>ends m part upon die characteristics of die tissue idjacent the tip of the el«:trode 20. 

Hence, by automatically controlling die output of die source 14 of dectridty based 
upon any one of or a combmation of Z^, \, Y^, P^, and Tb (and dieir respective time 
derivatives), the present invention ensures diat tissue adjacent the venous wall is not 
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damaged any ftuthcr than necessary to effect cauterization. Also, by predsdy controUing 
the ouq)ut of the source 14 of electricity, the present invention ensures that tissue is 
precisely cauterized as «?)propriate for side branch/viaricose vein closure. Alternatively, by 
automatically generating a tone rq)resentative of any one of or a combination of Z,,, I„, Y^^ 
Pb, and T|, and their respective time derivatives, the present invention enables the surgeon 
to precisely control the source 14. 

It is to be further understood that the present invention contemplates establisluQg 
power-depends predetermined seQwints, i.e., setpoints that vary witii the manually- 
established power srtting of die source 14 of electricity. Thus, Vl, II, Zl, 22, Z3, PI, 
Tl, aid AZ4 can aUvaiy with the power setting of tiie source 14 of electri(^^ Insuchan 
embodiment, a data table correlating power settin^g witii predetemuned se^mts is stored 
in the electronic memory of tiie miaqprocessor 44 for look-up by the microprocessor 44 
at tiie appropriiBte decision blodks discussed above. 

Figure 5 shows that a probe 200 vliich in all essential respects is identical to die 
probe 11 shown in Figure 1 can be advanced into a woman's fiJlopian tube 202. More 
spedficaUy , the probe 1 1 can be advanced dirough the vagfaial openiiig 204 of tiie woman's 
uterus 206 and into (me of the woman's Mopian tubes. Iliai, the probe 200 can be 
eneij{ized as discussed above to cause a waU portion 208 of tiie fallop 
is juxtqx>sed witii die probe 200 to collq>8e around die probe 2bo. H»d)y, die ^lopian 
tube 202 is substantially blocked by electro-ligation to prevent passage of human 
reproductive icdls through the tube 202. 

yiWle die partiodar mediod fbr tubal electro^ 
m detail is fimy capable of attainhig tiiie above^escribed d>je^ 
undentood that it is die presentiy preferred onbodiment of die present invention and is dms 
representative of die subject matter whidi is broadly cpntai9>lated by.die. pr^ent faivention, 
diat the scope of the present invention fully enconq)asses other embodiments wfaidi may 
become obvious to diose skilled in die art, and duit the scope of die present invention is 
accordmgly to be limited by nothing other than the q)pended claims. 
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WHAT IS CLAIMED IS: 

1. AdeviceforaseinendosGoidcsiii^pT^ 
blood vessel, Gompvisfng: 

an elongated electrical conductor hanlng a distal end; 

a soora of dectridty electrically connected to electrical conductor; 

an dectricaUy insulatfve smooth flexib 
segmient of the conductor, the sheath having ah outside dimeter of less timti 
one millimeter (Innn) to pennit easity sHdably engagbg the sheaOi irith tiie 
hnnen of the Hood vessel; and 

an dectrode connected to the distal end of the dectrical conductor such 
that the source of dectridty can be mergized to energize the dectrode to 
tli^d>y cause flie lumen of the blood vessd to collapse when flie dectrode is 
positimed in die vessd. . 

2. The device of CJaim 1, further comprismg a feedback device for g Mwriiig 
a presdected parameter of the blood vessd and for generathig a signal when the 
preselected parameto: reaches a predetermined value, wherdn the presdeded 
parameter is idEected Iqr the presdeoted portion of t^ 

3. Tte device ofCIaiml,wherehi the dectnNle extends bgrond a di^ 

........ of the sheath, and the length of the dectrode is apprio^^ equal to the diameter 

of the blood vessd. 

4. The device of Oahn 2, wherdn the presdected parametca* is 
temperature, and the feedback device indudes a temperature sensor secured to the 
iqpparatus forsensbig ihe tcfatperature ofthedectnMle. . 

5. The device of Oaun 2, wherdn the presdected paramderb 
dectrical parameter sdected from the group of paramders condsting of: source of 
dectridty output voltage, time rate of change of source of dectridty output voltage, 
source of dectridty output current, time rate of change of source of dectridty output 
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cnrrmt, sonrae of electridty outinit power^ tim 

output power, tissue dectrical impedance, time rate of change of tissue decttlcal 
impedance* 

6. The device of Qaim 5, wherein tliepresdectedparam^er is impedi^ 

7. Hie device of Qaim 6, wherein the electrode is fonnied integrally with 
the conductor, and tiie dedrode Includes a rounded distal tip. . 

8. The device of Claim 7, fkniher cmnprising an anti-sticking coating 
depodted on die electrode. 

9. . The device of Claini 8^ wherein the conductor includes a s^ment 
bendable into a predetormined shape. 

10. The device of Claim 9, ftuther comprising a dfarection imficator for 
indicating the predetermined shi^ 

11. The device of Clahn 10, wiierein the source of dectridty generates 
rf output sufBdent to cause the blood vessd to collapse and insuffident to perforate the 
Hood vessd. . 

Hn An apparatus coninectable to a power source for dectiilcaUy Bgating a 
presdeded portion of tissue, comprising: 

an rfegtrjcally iMulativfe sheath gnnfigiired ffnr sHHahly gngagliig a limtAw 

. of abodly vessd; . ..J^. ... _ 

an dedrode positioned in ttie sheath, the dedrode bdng dedrically 
: connectable to the power source for cbergizing the presdeded portion of tissue 
whm the dedrode is positioned adjacent the presdeded portion of tissue and 
.the power source is activated to prinvide power to the.dedrode; and 

a feedback device for sendng a presdeded paramder and for 
. generating a signal representative of the magnitude of the presdected 
paran^eter, wherein the presdected parameter is affeded when tlie presdected 
portion of tissue is energized by the dedrode. 
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. 13. Tte apparatus of Qaim 12, i?lierdna^ 
dectiical iDqiedaDce. 

14. The apparatus of Claim 13, wherein the electrode is advaiiceable hito 
a blood vein, and tlie length of the dectrode is approxfamitel^ 

tlie blood vein. 

15. The apparatus of Claim 14^- further comprising an rfafffriral conductor 
formed integral^ with flie electrode and connected to the power source, the electrode 
In r luding a rounded distal tip and an antt-sticidng coating depostted on the dectrode> 

16.. Ilie apparatus of Odm 15, wherdn the output of the p^^ 
reduced when the signal representative of the magnitlide of tlie preselected parameter 
reaches a predetermined value. 

17,. A method for treating a varicose vdn, comprising the steps of: 

(a) furoviding an electrically energizable dectrode; 

(b) percutanebusly advancing the dectrode mto the . varicose vd^ 
su(^ that the dectrode is Juxtaposed with the wall of the varicose vehi; 

(c) estaUhhfaig contact between the wan of the varicose vc^ 
dectrode; and 

(d) energizing the dectrode untU the vein collapses around the 
; — dectrode to thereby .Mode blood flow thiougih the vdn, 

18. ThemethodofClafan 17, wherein the dectrode is energized by a power 
supply, and the method farther comprises the step of determining the dectrical 
impedance of the tissue adjacent the dectrode. 

19; The method of Claim 16, fariber compriAig the gtgp nf airfn tngrtfa lly 
reducing energization of the dectrode when the impedance equals a pradetermined 
-value. ■ ■"."•■'••''•.*:••'. 
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20* Tbe meUiod of Claim 19, wherein the energlztaig step is acranplished 
. ifithoiit perf orating the veiii. 

21. A m^od for dectro-ligation of a blood yessd, ccmiprising the steps of: 

(a) providfaig an dectricaUy eneiigizable electrode and an endoscopic 
instrument; 

(b) diqKising tfie electrode in the hutrmncnt; 

(c) percutaneously advancing the histnnnenti^thellMtr^ 
blood vessel; and 

(d) ooerglzfaig Ae dectnkte ontil the VjBssd cdhqpses ar^ 
dectrode to therdyy Hock Hood flow throi^ the vein. 

22. Hie method of Claim 21, wheran the energizfaig step is accfmplished 
without perforating the vdn. 

23. A method for ligating a Mopian tube, comprising die steps of : 

(a) providiiig an electrically energizable electrode; 

(b) advancing the electrode into the Mopian tube such that the 
dectiode is juxtq)osed with die waU of the Mqpian ti^^ 

(c) establidiingcontaa between die waU of die Mopian tid>ea^ 
electrode; and 

, : . . (d) . ..leneigizing die electrode untU die Mopian tube 
electrode to thiereby block die fallopian tube. 

24. The mediod of Claun 23, wheiem the electix^ 

siq)ply, and tbe method further comprises the step of determining the electricid m^edance 
of the tissue adjacent the electrode. 

25. The method of Claun 24, fiuther comprising die step of automatically 
reducing energization of the electrode when the inq)edance equals a predetermined value. 

26. The method of Claun 25, wherein the energizing step is accomplished 
without iferforating the fellopiah tube. 
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